Type Ia supernovae form an observationally uniform class of stellar explosions, in that more luminous objects have smaller declinerates 1 . This one-parameter behaviour allows type Ia supernovae to be calibrated as cosmological 'standard candles', and led to the discovery of an accelerating Universe 2,3 . Recent investigations, however, have revealed that the true nature of type Ia supernovae is more complicated. Theoretically, it has been suggested 4-8 that the initial thermonuclear sparks are ignited at an offset from the centre of the white-dwarf progenitor, possibly as a result of convection before the explosion 4 . Observationally, the diversity seen in the spectral evolution of type Ia supernovae beyond the luminositydecline-rate relation is an unresolved issue 9,10 . Here we report that the spectral diversity is a consequence of random directions from which an asymmetric explosion is viewed. Our findings suggest that the spectral evolution diversity is no longer a concern when using type Ia supernovae as cosmological standard candles. Furthermore, this indicates that ignition at an offset from the centre is a generic feature of type Ia supernovae.
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When a carbon-oxygen white dwarf reaches a critical limit known as the Chandrasekhar mass (,1.38 solar masses), its central density and temperature increase to a point where a thermonuclear runaway is initiated. The thermonuclear sparks give birth to a subsonic deflagration flame, which at some point may make a transition to a supersonic detonation wave that leads to the complete disruption of the white dwarf 11, 12 . The thermalization of c-rays produced from the decay of freshly synthesized radioactive 56 Ni powers the transient source, known as a type Ia supernova 13, 14 . The relationship between the luminosity and the decline-rate parameter (Dm 15 (B), which is the difference between the B-band magnitude at peak and that measured 15 days later) is interpreted to be linked to the amount of newly synthesized 56 Ni (refs 15, 16) .
Type Ia supernovae displaying a nearly identical photometric evolution can exhibit appreciably different expansion velocity gradients ( _ v v Si ), as inferred from the Si II Fig. 1a, b ), thus raising a nagging concern regarding the 'one-parameter' description.
Late phase nebular spectra can be used to trace the distribution of the inner ejecta 19 . Beginning roughly half a year after explosion, as the ejecta expands, its density decreases to the point where photons freely escape. Photons originating from the near/far side of the ejecta are detected at a shorter/longer (blue-shifted/red-shifted) wavelength because of Doppler shifts. For type Ia supernovae, emission lines related to [Fe II] 7,155 Å and [Ni II] 7,378 Å are particularly useful, as they are formed in the ashes of the deflagration flame 19 . These lines show diversity in their central wavelengths-blue-shifted in some type Ia supernovae and red-shifted in others (see Fig. 1c )-which provides evidence that the deflagration ashes, therefore the initial sparks, are on average located off-centre. The wavelength shift can be translated to a line-of-sight velocity (v neb ) of the deflagration ashes. Figure 2 shows a comparison between _ v v Si and v neb for 20 type Ia supernovae. Details regarding the data are provided in Supplementary Information section 1. Although the diversities in these observables were discovered independently, Fig. 2 clearly shows that they are connected. Omitting the peculiar SN 2004dt ( Fig. 2 legend; Supplementary Information section 1), all 6 HVG supernovae show v neb . 0 km s 21 (that is, red-shifts), which means that these events are viewed from the direction opposite to the off-centre initial sparks. The 11 LVGs display a wider distribution in v neb space, but are concentrated to negative values (that is, blue-shifted), indicating that these events are preferentially viewed from the direction of the initial sparks. If HVG and LVG supernovae were intrinsically distributed homogeneously as a function of v neb , the probability that just by chance (as a statistical fluctuation) all HVG supernovae show v neb . 0 km s 21 is merely 0.4%; it is thus quite unlikely. Indeed, the probability that by chance six HVG supernovae are among the seven supernovae showing the largest red-shift in v neb in our sample of 17 supernovae is only 0.06%.
This finding strongly indicates that HVG and LVG supernovae do not have intrinsic differences, but that this diversity arises solely from a viewing angle effect. Figure 3 shows a schematic picture. If viewed from the direction of the off-centre initial sparks, a type Ia supernova appears as an LVG event at early phases and shows blue-shifts in the late-time emission lines. If viewed from the opposite direction, it appears as an HVG event, and shows red-shifts at late phases.
The number of HVG supernovae is ,35% of the total number of HVG and LVG supenovae 10 . To explain this, the angle to the observer at which a supernova changes its appearance from an LVG to an HVG is ,105-110u, measured relative to the direction between the centre and the initial spark. The velocity shift of 3,500 km s 21 in the distribution of the deflagration ashes, as derived for the normal type Ia SN 2003hv through a detailed spectral analysis 19 , corresponds to v neb < 1,000 km s 21 if viewed from this transition angle. The configuration then predicts that all LVG supernovae should show 23,500 , v neb , 1,000 km s 21 , while all HVG supernovae should be in the range 1,000 , v neb , 3,500 km s 21 . These ranges are shown as arrows in Fig. 2 , and provide a good match to the observations. Figure 4a shows an example of a hydrodynamic model in which the thermonuclear sparks were ignited off-centre in a Chandrasekharmass white dwarf 6 (an alternative way of introducing global asymmetries is double detonations in sub-Chandrasekhar-mass white dwarfs 20 ). Although this model has not been fine-tuned to reproduce the present finding, it does have the required generic features. The density distribution is shallow and extends to high velocity in the direction opposite to the initial sparks ( Fig. 4b) . Initially, the photosphere is at high velocity if viewed from this direction, as the region at the outer, highest velocities is still opaque. Later on, the photosphere recedes inwards faster in this opposite direction, owing to the shallower density gradient. As a result, the supernova looks like an LVG if viewed from the offset direction, but like an HVG supernova from the opposite direction ( Fig. 4c ), as in our proposed picture ( Fig. 3 ).
Our finding provides not only strong support for the asymmetric explosion as a generic feature, but also constraints on the stilldebated deflagration-to-detonation transition. In this particular simulation, the change in appearance (as an HVG or an LVG supernova) takes place rather abruptly around the viewing direction of ,140u. Owing to the offset ignition, the deflagration flame propagates asymmetrically and forms an off-centre, shell-like region of high-density deflagration ash. The detonation is ignited at an offset following the deflagration, but tries to expand almost isotropically. However, the angle between 0u and 140u is covered by the deflagration ash, into which the strong detonation wave (fuelled by the unburned material near the centre of the white dwarf) cannot penetrate. On the other hand, in the 140-180u direction, the detonation can expand freely, creating a shallow density distribution. The 'abrupt' change in appearance, as inferred by the observational data, is therefore a direct consequence of the offset models, controlled by the distribution of the deflagration ash. The 'opening angle' of the 21 , that is, the blue-shift, if the material is moving towards us). These are the strongest lines among those emitted from the deflagration ash according to the previous analysis of late-time emission lines 19 . Indeed, there are stronger lines which do not show Doppler shifts, for example, [Fe III] 4,701 Å ; they however do not trace the distribution of the deflagration ash 19 (see also Supplementary Information section 1) and are thus not useful in the present study. It is shown at 10 s after the ignition, when the homologous expansion is already reached. In this model, the deflagration sparks were ignited at an offset, within an opening angle of 45u and within 0-180 km from the centre of a white dwarf whose radius is , 2,000 km. The deflagration products are distributed in the high-density offset shell, which covers 0-140u in this particular model. This resulting velocity shift is , 8,000 km s 21 in this model, which is larger than the observational requirement (,3,500 km s 21 ). b, Radial density distribution of the same model for several directions (where the angle is measured from the direction of the offset sparks). The magenta lines show the density distribution for the angle in 100-180u, roughly corresponding to the putative directions for which a supernova looks like an HVG supernova inferred from the observational data ( Fig. 3) . Also shown is the density distribution multiplied by the mass fraction of intermediate mass elements, which gives a rough distribution of Si, for two directions (20-40u and 140-160u) . It is seen that the distribution of Si roughly follows the density distribution. c, Model photospheric velocity evolution for several directions (lines) as compared to the observed Si II 6,355 Å absorption line evolution 10 (filled and open symbols for HVG and LVG supernovae, respectively; the phase in days with respect to B-band maximum). The position of the photosphere is estimated by integrating the optical depth with a constant opacity along each direction. Using the Si distribution for the velocity estimate provides a similar result. v v Si and v neb . It is also consistent with the diversity in v neb (ref. 19) . The ashes of the initial deflagration sparks are shifted with respect to the centre of the supernova ejecta by ,3,500 km s 21 (yellow: although expressed by a spherical region for presentation, it may well have an amorphous shape owing to the hydrodynamic instability in the deflagration flame 7 ). This region is rich in stable 58 Ni with a small amount of radioactive 56 Ni, and emits [Fe II] 7,155 Å and [Ni II] 7,378 Å at late phases 19 (Supplementary Information section 1) . The outer region is the later detonation ash responsible for the early-phase Si II 6,355 Å absorption. This region is roughly spherically distributed (blue), but extends to the outer region in the direction opposite to the deflagration ashes (cyan). Although the detonation can produce 56 Ni, which decays into 56 Fe, it has been argued that these regions (blue and cyan) are not main contributors to [Fe II] 7,155 Å and [Ni II] 7,378 Å at late phases 19 ( Supplementary Information section 1) . A putative observer would view this explosion as an LVG or HVG supernova, depending on the direction of the observer, as divided by a specific angle (red), which is ,105-110u. This angle is derived from the relative numbers of HVG and LVG supernovae (see main text); the fraction of HVG supernovae to the total number of HVG and LVG supernovae ,35% (ref. 10) , as was also supported by a larger sample 30 with more than 100 supernovae (using the observed trend that the HVG supernovae show higher velocities than LVG objects at early times).
transition is on the other hand dependent on the details of the explosion. To accurately model this according to our finding (,105-110u for the typical transition angle), either a smaller offset of the initial deflagration sparks or an earlier deflagration-to-detonation transition would be necessary. Such changes are also required to produce the typical velocity shift of ,3,500 km s 21 in the distribution of the deflagration ash.
Our proposed model unifies into a single scheme recent advances in both theoretical and observational studies of type Ia supernovae-and it does not conflict with other results produced by spectral tomography 16, 21 or polarization measurements 22 (Supplementary Information section 2). Our interpretation suggests that two supernovae with very similar light curve evolution may not necessarily produce exactly the same amount of 56 Ni. They might in fact show somewhat different light curve evolution if viewed from the same direction (relative to the offset between the centre and the initial spark) but the light curves look the same to an observer as Dm 15 (B) can change with viewing direction 5 (Supplementary Information section 3) . This situation is a natural consequence of observing a number of type Ia supernovae with a large variation in 56 Ni production and in the viewing angles. Our finding regarding the explosion mechanism will lead to quantitative evaluation of the contribution of this random effect to the observed scatter in the type Ia supernova luminosities beyond the one-parameter description 5 , as compared to other systematic effects, such as the stellar environment 23 .
